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WELL LOG DEPTH ALIGNING | ,'

This is a continuation of appllcatlon Ser No. 70 ,109

filed Sept. 9, 1970, now abandoned.
~ This invention relates to methods for ccrrelatmg the

- relative depth levels of well logging data derived from

separate passes through a borehole. In particular, the
invention relates to data processing techniques for ac-
complishing such depth correlation.

In the logglng of an earth borehole, measurements of
various formation characteristics are taken at different
depth levels throughout the borehole by means of a

 measuring device which is lowered into the borehole on
the end of a supporting cable extending from the surface

10

135

of the earth. Typically, the measurements taken along -

the length of the borehole are intended to provide indi-

cations of oil or gas bearing strata. It is more and more

the practice to combine measurements taken during
different runs through a borehole with different investi-
gating devices to produce computed measurements of
various characteristics or parameters of the earth for-
mations. When combining measurements made during

two separate runs through the borehole, it is important
‘that the separately derived measurements be accurately -

~ correlated in depth with one another.

20
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In the past, sheave-wheel devices located at the sur-

face of the earth have provided measurements of the
length of cable which passes over the sheave wheel.
Unfortunately, such a cable length measuring device
does not accurately take cable stretch into account. One
cable length measuring system which accounts for cable
stretch 1s shown in U.S. Pat. No. 3,497,958 granted to L.

H. Gollwitzer on Mar. 3, 1970. This Gollwitzer system' '
measures the tension in the cable at the surface of the

earth and at the tool and corrects the cable length mea-

surements derived from the sheave wheel device for

| changes in stretch of the cable as reflected by the ten-
sion measurements. The Gollwitzer system also cor-
rects for sheave wheel calibration errors and’ tempera-
ture effects on cable stretch.

~ While the Gollwitzer system has been found to pro-
vide extremely accurate depth measurements, there are
factors which can cause even the elaborate Gollwitzer
system to produce slight errors. For the usual situation,
‘these errors are insignificant and can be ignored. How-
ever, when considering the more recent SOphlstlcated
‘and high-powered computational techniques, it be-
comes desirable to obtain highly accurate depth align-
ment between data derived from separate runs or passes

30
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from the same depth level as the selected sample of first
data. |

The method further comprlses repetltwely perform-
ing the step of determining the depth displacement

~ between a number of successive samples of the first data

and corresponding samples of second data and compar-

ing the depth displacements determined from a number
of successive samples for selecting one of such depth
displacements as a more accurate depth displacement

representatlon |

- For a better understandlng of the present invention,
together with other and further objects thereof, refer-
ence is had to the followmg description taken in con-
nection with the accompanying drawings, the scope of

the invention being pointed out in the appended claims.

Referring to the drawings: |
FIG. 1 shows an investigating device in a borehole
along with apparatus at the surface of the earth for -
controlling the investigating apparatus and, recording

the measurements and processm g the data derived
therefrom; |

FIG. 2 is an example of logs produced from separate
passes through a borehole;

FIG. 3 represents the relatlonshlp between several

parameters used in accordance with the present inven-
tion; |

FIG. 4 shows two logs obtalned from separate passes '

through a borehole for purposes of defining certain

parameters used throughout this specification;

FIG. § 1s a table. 111ustrat1ng how depth shifts may be
declared; and

FIGS. 6A and GB show a computer ﬂow dlagram '

| representatlon of how the techniques of the present

35

invention might be implemented.
Now, referrlng to FIG. 1, there is shown an investi- |

. gating device 10 in a borehole 11 for.investigating sub-

surface earth formations 12. The investigating apparatus

10 is supported in a borehole 11.on an end of a cable 13.

The cable 13 passes over a sheave wheel 14 and is se-
cured to a drum and winch mechanism 15. The drum
and winch mechanism 15 includes a suitable brush and

- slip ring arrangement 16 for providing electrical con-

45

nections between the cable conductors and a control
panel 17. The control panel 17 operates to supply power
and control signals to the downhole investigating appa-

ratus and includes suitable elctronic circuitry for receiv-

~ing well logging measurements from the investigating

50

through the borehole before combmmg such data for |

computatlonal purposes.

It is therefore the object of the present invention to
- provide new and improved methods of determlnmg

automatically the depth match between samples of well

apparatus and readying such measurements for applica-
tion to a digital tape recorder 18. The tape recorder 18

1s stepped as a function of depth by a driving wheel 19

which engages the cable 13 and mechanical linkage 20.

A detailed description of such a recording system
may be found in U.S. Pat. No. 3,457,544 issued to G. K.

-~ Miller et al on July 22, 1969 entitled “METHOD AND

55

logging data derived from separate depth levels in a

borehole. |
In accordance with the present 1nventlon, a method
of automatically determining the displacements be-

tween a plurality of well logs derived from investigat-

ing devices passed through a borehole and sampled at
separate depth levels comprises producnng first and

second data correSpondlng to samples derived from
separate depth levels in a borehole and determmmg the.

depth displacement between a selected sample of the
first data and a correspondmg sample of the second data
which is assumed as a first assumptlon, to be derwed

APPARATUS FOR RECORDING WELL LOG-

'GING DATA”. The well logging data may be pro-

cessed automatically by a properly programmed com-

- puter system 24 which receive the log data while log-

65

ging directly from the recorder 18 or at some later time
and/or remote location from the magnetic tape pro-
duced by the recorder 18. |

The investigating apparatus 10 has a reference pomt
22 which constitutes the center or recording point of

~ the investigating apparatus 10. Because of the long elas-

tic cable 13, the-investigating apparatus 10 is subject to
displacement arising from cable stretch thus causing the
true depth level to be different from the depth level
registered by a depth recorder 21 derived from the
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driving wheel 19. The depth level registered by the  at a new depth level which is an interval AZy from the
depth recorder 21, which is identical with that regis- presently considered level Z. |
tered by the tape recorder 18, is designated “Z”. When =~ As a first step in the depth correlation process, one

attempting to depth-match a log produced by the inves-  curve (in the case curve B) is effectively depth shifted
tigating apparatus 10 with the log produced from an- 5 one search step at a time relative to the other curve

other investigating apparatus passed through the bore- (curve A) and a correlation function Cgis computed for
hole 11 at a different time, there is a distinct possibility each depth level. The search step is for simplicity con-
that the logs recorded by the two investigating appara- stidered to be AZ,, the same as the sample interval, but
tus at the same depth level will not be referenced to the In practice could assume any value. The equation for
same depth level. 10 computing the correlation function Cg could take any

Referring to FIG. 2, there are seen two logs, A and B, desired form. A normalized root mean square equation
of the same or similar measurements made during differ- has been found to give favorable results. This equation

ent passes through a borehole. By observation it can be is:

(1)

- m m m
n ,E Az—!+iBz h+i+ K — _2 Az—f+:‘ _2 Bz—h-f-i-i-K ._
=0 - =0 =0 -

( - ( % A )2) ( g B % B )2)
A - ] n ] -_— Lr L
I f:O .2.' !+1 | _ f=0 I—h+I+K f:O 2—h -1 K

seen that the two logs have similar, though depth where

shifted, details. Considering the log A as the base log, it A and B are the values of the two logs:

can be seen that at the depth level Z;, log B is depth - 11s the sample interval number and increases between
shifted an amount X from log A. The same holds true at 25 0 and m where m is equal to 2AZ/AZ,; |
depth level Z;. Then at depth level Z3, the two logs K is the displacement number of log B relative to log

suddenly are depth matched, i.e., the depth shift is equal A in samples and increases between 0 and Kz4y such
to 0. Then at depth level Z4, the depth shift becomes  that Kar4yAZ, is the search interval 2AZ,;

3X. When attempting to combine the associated ele- z 1S the correlation step number in samples and corre-
ments of logs produced and recorded on the separate 30 sponds to the depth level Z;

borehole passes A and B of FIG. 2, the results may well h 1s a depth offset for the B log in samples and is equal
be in error because of the lack of depth matching. to (AZ+AZ.)/AZy;

- It 1s the purpose of the present invention to utilize ] is a depth offset for the A log and is equal to

two similar logs made from separate passes through the AZ/ AZy, and

borehole to correlate the depth levels of all logs pro- 35 Cgx(Z) is the correlatlon factor for the dlsplacement
duced during one pass with all logs produced during the  value of K at a depth level Z: n 1s the number of samples
second pass. Such similar logs are considered to be the in the sample intervals and equals m+1. These pa-
same log, such a gamma ray log made on two separate rameters will be described in detail later.

passes, similar logs having similar characteristics such = Turning now to FIG. 4, it will be described how the
as two porosity logs made with different types of inves- 40 computation of the correlation factor Ck takes place. In
tigating devices, or logs which may be initially dissimi-  FIG. 4, there are shown the sample points versus depth
lar but which can be made to appear similar as by com-  for two logs A and B. The log values for the successive

bining two logs made during one pass to produce a third sample points for the two logs A and B are designated
log for correlation with a log derived from a second Ay, Ay, A3, etc., and By, B, B3, etc. Common subscripts
pass through the borehole. In any event, this correlation 45 for the logs A and B indicate common initial depth
1s accomplished by utilizing the log fluctuations of logs levels as they would be recorded as derived from the
A and B to indicate the amount of depth shift of one log exploring devices run through the borehole. For exm-
relative to the other log. ples, the log value A 1s initially assumed to be on depth
Turning now to FIG. 3 to define certain terms used with the log value B1. Now, assume in FIG. 4 that the
herein, there are shown the two logs A and B to be 50 A and B logs at depth level Z are to be correlated. In
correlated. The presently considered depth level, this case, assuming the A log to be the base log, that
shown on log A in FIG. 3, is designated Z. This depth point on the B log which corresponds in depth with the
level Z for both logs A and B is initially the depth level = log value A at depth level Z is to be found and shifted,
given by the surface depth registering apparatus. Thus, if necessary, to the depth level Z. Desirably, after such
for data recorded on magnetic tape, it is the depth indi- 55 shifting, the data sample of the B log which was derived
cia on the magnetic tape. The depth interval over which from the same depth level as the A log value at depth Z
data 1s used to produce the correlation function Cg (to 1s now referenced to the depth level Z.
be defined below) is designated the correlation interval, To accomplish this, a plurality of correlation func-
2AZ. The depth interval which curves A and B are tions Cx(Z) are computed for given values of K be-
sampled in the correlation process is designated the 60 tween 0 and K4y for the depth level Z under consider-
sample interval AZ, as shown in FIG. 3. Thus ation where, as discussed earlier, K is equal to the dis-
2AZ/AZ,+1 is the number of samples considered inthe ~ placement number in samples. Since the séarch step is
correlation interval and is designated n. The maximum AZ,, each increase of K by 1 will correspond to AZ,
amount by which curve B is displaced relative to curve depth shift on the log. For each value of K, Ck 1s com-
A for any given depth level Z is, as shown in FIG. 3, 65 puted over the correlation interval 2AZ from i=0 to
designated 2AZc. This interval is called the search in- i=m. Desirably, the correlation interval 2AZ is substan-
terval. After the logs A and B have been depth corre- tially greater than the search interval 2AZ,. Although it
lated at the depth level Z, the same process is repeated 1s not necessary that the depth interval between each
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‘sample used in producing the correlation function Cx be
the same as the search step AZ, (i.e., that AZ, be the
interval for both i and K), such has been done for this
example to simplify the illustration.

To explain how the correlation operation takes place,
an example of such an operation will be described using
FIG. 4. Assume that AZ, is 6 inches, AZ, is 12 inches,
AZ is 20 feet, AZ,is 5 feet and the first depth level to be
correlated is that given by sample As. Furthermore,
assume that the interval between successive data sam-
ples in FIG. 4 is 6 inches, e.g., Aj to A» and Bito By is
6 inches. In this situation, z will be initially set to 51 and
I will be 40 (i.e., AZ/AZ,=40), h will be 50 (i.e.,
(AZ+AZc)/AZ,=50), m will be 80 (e,

The first step is to compute Cg for K=0. To accom-
plish this, in accordance with equation (1), Cg for K=0
1s computed taking into account all i’s from i=0 to
1=m. Thus, for the A.B term, initially, i is set equal to 0
and the A and B values combined in accordance with
equation (1); then i is set equal to 1, 2 .. . m in turn
whereupon the combined A and B values are summed
per equation (1) to produce Ck for K=0. Taking the
values given above for this example, for K =0 and i=0,
Az_1+i=As51_40+0=A1; will be combined with
B:—h+i+k=Bs1—s504+ +0By; for i32 1, Ajp with B;. . .,
‘and so on until i=m which is equal to 80, Asj_40+s.
0=Ag; with Bs; _s0480+.0=Bs;. The solid lines running

between the A and B log values in FIG. 4 represent, for

‘a few exemplary cases, how the A and B log values are
combined to produce the product terms of equation (1)

for summation. For the individual A and B summation.

terms

c.E., —— ] y
g 120 z— 14

The A and B log values for all i values between 0 and_m'

are accumulated. Thus, for K=0, Aj; to Agy are
summed and Bj to Bg; are summed. Then, all of the A.B
product summation and individual A,B summation
terms are combined in accordance with equation (1) to
produce Cg for K=0. In FIG. 4, the B log correlation
interval 2AZ for K=0 at depth level Z is shown. The B
log over this depth interval is combined with the A log
over its correlation interval Aj; to Agy. This A log
correlation interval is the same for all values of K for
K=0 through K=Kz4x at depth level Z. -
Next, K is incremented by 1 and Cg computed in the

10

13

20

25

30

35

40

45

50

same manner. Thus, considering the A.B term of equa-

tion (1), for K=1, at i=0, A,_ I+i=As51_40+0=A1] 1S
combined with B, _z. ;4 x= Bs1 50404 1=Bj; for i=1,
As1-40+1=Aj2 with Bs;_s041+1=DB3: and so on until
i=m, Asi-40+80=A9] with Bsj_s0,80+1=Bs). The
dash-dot lines running between the A and B logs shows,

for a few illustrative log samples, how the A and B log

values are combined. The individual A summation
terms will be the same for all K’s at any given Z since
the A terms are not depth dependent on K. However,
for the B terms which are depth dependent on K, B, to
Bg> will be summed for K =1. |
This same process is repeated for all K values to
K pmax which, in this example, is 20. Considering the A.-B
term for Kagx(K=20) at i=0, Az 14i=As51_404.
0=Aji “will be - combined with
B;_hyitk=Bsi_s0+0+20=Ba1; at i=1, Asj_4p..
1=Aj2 with Bs;_5041420=Bj7; and so on until at

53

60

65

_-6

1=m=80, As)_40:80=Ag; will be combined with -

Bs1-50+80220=58101. This 1s represented in FIG. 4 by

the dashed lines. For the B summation terms of equation
(1), Ba1 to Byg1 will be used. The B log correlation inter-
val for K=Kpz4v is shown in FIG. 4 as extending be-
tween By and Bjo; and is combined with the A log over
its correlation interval A1;to Agq. Also shown in FIG.
4 is the B log correlation interval for K=Kyr4x/2. As
seen in FIG. 4, the depth intervals for the A and B logs
exactly coincide for K=Kpz4x/2. In other words, the
subscripts for A-B terms used in equation (1) are identi-
cal when K=Kz4x/2 for all i’s between 0 and m.

At this point, the Cg values for K between 0 and
Kazax have been computed. The best fit between the
two logs at depth level Z (Z=51) occurs at that K
where Ck is a maximum. This K is designated K’. The
corresponding displacement in samples will be K'-
Kamax/2 since at K=Kuz4v/2, the A and B log values
are referenced to common depth levels as stated above.
Taking an example of this using the values given above,
if K' is found to be 9, then K'-Kprqx/2 will be
9-10= —1, thus indicating that the depth displacement
between the two logs is — 1 sample or — 6 inches. In this
case, the B log value Bsg will be deemed, as a first as-
sumption, to be that sample of the B log which was
derived at the same depth level Z as the A log sample
Ast. | |

From the foregoing, it can be seen that the B log

, correlation interval is moved relative to the A log cor-

relation interval for different values of K while comput-
ing values of Cg for such different values of K to
thereby determine the best correlation or fit between
the two logs. Once the best fit is determined, the corre-
sponding depth displacement can be determined. As
will be established later, the depth displacement deter-
mined by this process is only a first assumption value
which may be improved upon. @~

To determine the depth displacement at the next
depth level which is an interval AZ,=12 inches away
(for the present example), z is incremented by 2 and the
same operation repeated, i.e., Cg for all K’s between 0
and Kaz4x are computed, etc. .

Unfortunately, there are factors which may upset the
correlation operation just described and which will give
numerically low correlation factors Cxat K’. For exam-

ple, a bad log reading caused by a malfunction in the

investigating apparatus, or noise, can cause such a low

correlation factor. To prevent an erroneous depth dis-

placement indication upon such an occurrence,
Ckax) 1s compared with a number Ck(iim) represent-
ing the lowest acceptable value of Cgpqx) and if
Ck(a4x) 1s lower than Cg(iim), the corresponding depth
shift is disregarded. In its place, the last acceptable
depth displacement is used. | o

It has been found that the discarding of all depth
displacement indications resulting from low correlation
factors Ck is not sufficient to prevent occasional errors
arising in the depth correlation process. To further
improve the accuracy of the depth correlation process,
in accordance with an important feature of the present ~_
invention, a history file of the depth displacements is
produced and utilized to statistically improve the accu-
racy of the depth correlation process. To accomplish
this, a prescribed number of depth displacements of the

- same magnitude at successive depth levels are required

before that depth displacement is declared valid. Once a
given depth displacement is declared valid, it takes a
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prescribed number of occurrences of a different depth

displacement quantity before the new depth displace-
ment quantity will be substituted for the old.

Before considering this-statistical analysis in detail, it .

would first be desirable to consider some definitions.
The computed depth displacement or depth shift at any
given level Z is designated SH(Z), the declared depth
displacement is designated SHp, and the stored depth
displacement is designated SH;. The number of occur-
rences of any given depth displacement 1s designated
HC (for history counter). Prior to the time a depth
displacement is declared, the number of consecutive
(depthwise) occurrences of such a depth displacement is
designated UDC (for undeclared displacement
counter). The prescribed number of consecutive occur-
rences of a given displacement shift which are neces-
sary to cause that displacement to be declared, 1s desig-

10
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nated UDCuyn. The number of depth levels Z consid-

ered for each declared displacement is designated
LEVEL. |

Turning now to FIG. 5, there is shown a table giving
representative values of an illustrative example of how
depth displacements may be declared. Each row in
FIG. 5 is considered to be a separate depth level Zy.

Assume that UDCpyy is equal to 2. Furthermore, as-

sume that the last declared displacement SH 1s 1 at Z,.
At the beginning of any history all shifts are set to zero.
At the first depth level Z;, the computed displacement
SH(Z) is 0. As shown in FIG. 5 the computed displace-
ment SH(Z) at the next depth level Z; 1s also 0, and
since UDCan is equal to 2, the value of SHp=0 1s
declared and UDC reset to 0. SHp is set equal to 0. In
addition, each of the continuous SH(Z) values making
up this history is then used to re-define corresponding
SHp values. Thus SHp at Z1, which was 1, 1s re-defined
as its SH(Z), 0. Then at the depth level Z3, SH(Z) is
found to be 1 and UDC incremented. However UDC at
this time is only equal to 1 and thus SHp remains at O.
Then at the next depth level Z4, an SH(Z) of 2 is com-
puted. Since a different displacement value was com-
puted at the last depth level Z3, the declared displace-
ment remains at 0 and UDC remains at 1. Then at depth
level Zs, SH(Z)=1 is again computed. However, to
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declare a new displacement, two consecutive values of 45

the same displacement must be computed. Thus the
declared displacement remains at 0. The same s true for
depth level Z¢, Z7, and Zg where computed displace-
ments of 3, 1, and 0 are computed. Since each displace-
ment is different from the last, UDC remains at 1. Then
at depth level Z¢ and Z10 two consecutive SH(Z) dis-
placement values of 1 are computed such that UDC
equals UDCanvand SH(Z) (=1) i1s declared as SHp at
both Zgg and Zjg. At depth levels Zj1 and Z 13 the de-
clared shift of 1 remains.

Now turning to FIGS. 6A and 6B, there 1s shown a
flow diagram depicting a representative implementation
of the techniques of the present invention. First, refer to
FIG. 6A. After the depth correlation routine is entered
(element 30), the various parameters used by the pro-
gram are read as represented by element 31. This in-
cludes the designation of the logs A and B which are to
be used in the correlation process, as well as the above

discussed constants Cxim), AZ, AZy, AZc, AZs, AZ,,

UDCuy v as well as a depth interval AZ 440 representing

a depth interval over which the B log, can if desired, be
averaged. Additionally, the lowest and highest depth
levels to be correlated, designated Z, and Zp respec-
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tively, are read, i.e., the depth interval over which the
depth correlation is to be performed. -

Next, as represented by a block 32, the log data A
over the depth interval Z;—AZ to Zp+AZ is read and
the log data B over the interval Z,—(AZ+AZ¢) to
Zy+(AZ+AZ¢) is read. Next, as represented by the
decision element 33, a decision is made as to whether
the B log is to be averaged and if so, as represented by

block 34, it is averaged using the averaging interval

AZ 4v0. If the B log is not to be averaged, block 34 1s
by-passed. Since the FIG. 6A flow diagram has provi-
sions for averaging only the B log, that log which is not
to be averaged will always be considered as the A log in
block 31. If desired, both the A and B logs could be
averaged.

Now with the values of the 1ogs A and B over the
necessary depth intervals stored 1n memory, the corre-
lation process is ready to begin. As a first step, it is
convenient to reiterate at this point some parameters
earlier defined which will be used in the computations
to follow. These preliminary definitions are represented
by blocks 34a, 35 and 36 of FIG. 6A. The computation
of the values defining 1=AZ/AZ,,
h=(AZ+4AZcY/AZ,, m=2AZ/A7Z, n=m+1 and
Kyax=2AZc/AZ, is represented by block 24a. The
initial value for Z is set equal to Z, and z is set equal to
its initial value, as represented by block 35. As discussed
earlier, z is the depth sample number and represents a
given sample of data in memory. Initially, z wiil be
equal to (AZ+AZc)/AZ,+1 if the data samples for the
first depth level considered are at z=1, i.e.,, Aj and Bj.
Then as represented by block 36, SHp, SHS, HC, UDC,
LEVEL, i and K are set equal to O.

Now, Cg for all values of K can be computed using
equation (1) over the depth interval Z—AZ to Z4-AZ
where initially Z is equal to Z,; To accomplish this
operation is the function represented by blocks 37, 37q,
37h and 37c in FIG. 6A. As represented by element 37,
Ckis computed using equation (1) where initially K =0.
The operation depicted by block 37, of course, includes
a number of individual steps which are not shown in
FIG. 6A since it is well known how to perform such an
operation. Briefly, such an operation could be imple-

“mented essentially as was described in connection with

FIG. 4. Namely, i could be incremented one unit at a
time to accumulate the appropriate Az__ ]+i and
B,_ ;,+;+ k values to produce the

m r
2 Aripiand 3 BohyiiK

H
terms of equation (1) and the appropriate A,_/+; and
B;_n+i+x terms multiplied together and accumulated
to produce the

IK%E:

OAZ —{+i By hyivK

!
term of equation (1). These accumulated terms can then
be combined in accordance with eguation (1) to pro-
duce Cg.

Once Cgis computed, it is determined if K Karavas
represented by decision element 37a. If not, 1 1s reset to
0 and K is incremented by 1, as represented by blocks
37b and 37¢. The program then returns to block 37 to
compute a new Cg. The program continues around this
loop until Cg is computed for all K’s from K=0 to




Kaax. Once Ck for K=K a4y has been computed, the
answer to the question asked by decision element 374 is

yes and the program proceeds to processing block 38 to

begin the determination of Cgaz4x)and the correspond-
ing depth shift between Z and the depth-level where
Ckis a maximum over the interval Z—AZcto Z+AZc.
As stated earlier, this depth shift is equal to
(K'—Kamax/2)AZ,. The determination of Ckpay) is
represented by block 38 of FIG. 6A. As represented by
block 39, the LEVEL counter is then incremented by 1.
Next 1t 1s determined if Cx4x) exceeds Cgim) as rep-
resented by decision element 40 and if not, the last de-
clared depth shift SHp is outputted at the appropriate
depth level as represented by the element 41. As stated
earlier, the newly declared depth displacement is out-
putted not only for the presently considered depth level
Z but also for those preceding depth levels which led to
the declaration of this new depth displacement. In gen-
eral terms, SHp is outputted each time for depth level
Z—(UDCnin—1). It is determined if Z is equal to Zp, as
represented by decision element 42. If Z <Z, the pro-

gram increments Z by AZ, and z by 1 as depicted by
block 42A and returns to element 37 to determine the

depth shift SH for the next depth level. If Z is equal to
Zp, it 1s determined if another interval is to be processed
as represented by decision element 43, and if so, the
program returns to the elements 31 and 32 to read a new
set of data to correlate another interval of log data. If
another interval is not to be processed, the program
exits the depth correlation routine.

Returning to the decision element 40, if CK(MAA)
exceeds Cg(im), the depth shift SH at the depth level Z
presently under consideration, i. e., SH(Z), is deter-
mined ' in. accordance with the
SH(Z)=(K"—Kp4x/2)AZ, as represented by block 50.
- It 1s next determined if the newly computed depth shift
SH(Z) 1s equal to the declared depth shift SHp, as rep-
‘resented by the decision element §1. If the two parame-
ters are equal, the presently declared depth shift SHp s
retained and the history counter HC is incremented by
1, as represnted by element 52. The program proceeds
to output SHp at the appropriate depth level and then
considers the next depth level, or if the entire interval
has been processed, go to another interval or exit the
routine (see elements 42, 43, and 44). On the other hand,
if the presently computed depth shift SH(z) is not equal
to the declared depth shift SHp, the program deter-
- mines if a new depth shift should be declared. This

operation is represented by the elements 53 through 58

-of FIG. 6B. |
- Con51der1ng this new depth shift determmatlon oper-

ation in detail, first, it is determined if the depth shift for
the present level Z, i.e.,, SH(Z), is equal to the stored
depth shift SHg, as represented by decision element 53.
(The step depicted by element 36 sets SHsto O initially).
If they are not equal, SHgsis set equal to SH(Z) as repre-
sented by element 54 and the undeclared displacement
counter is set equal to 1 as represented by element 585.

The reason for this is evident from the discussion of

FIG. 5 where it was set forth that the prescribed con-

- relationship
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proceeds to consider the next depth level. (See elements

41 through 44) B
If SH(Z) is equal to SHS, then the undeclared shift

“counter. UDC is incremented by 1 as represented by

element 56 and it is determined if UDC is equal to

UDCypyn as represented by element 57. If UDC-

F(UDC)amrn, a new shift cannot be declared yet, and
the program outputs the present declared shift value
SH pand proceeds to the next depth level. (See elements
41-44). If UDC 1s equal to UDCyuspy, the value of SH
computed at the presently considered depth level Z,
SH(Z), 1s used to reset SHp, i.e., a new shift is declared,
as 1s represented by element 358.

~ After a new SHp is declared, the LEVEL and HC
counters are set to UDCpugny and UDC is set to 1, as
represented by elements 59, 60, and 61 in readiness for
the determination of a new declared shift. Then the
program proceeds to output the newly declared shift
value SHp for the approriate depth level Z, i.e., depth
level Z at the beginning of the accepted history. It then
proceeds to the next depth level, etc.

If desired a quality facor Q could be computed repre-
senting the percentage of depth levels for which each

declared shift occurred, as represented by the element

62. Thls quality factor Q can be computed with the
expression:

HC
LEVEL

0= X 100
With equation (2), Q= 100% represents perfect correla-
tion. Referring to FIG. 5 to give an illustrative example
of how Q 1s derived, a depth shift of O was declared at

depth level Z; and this depth shift was computed three
times throughout the interval when 0 was the declared

‘depth shift, i.e., Zj through Zg. Thus, the quality factor

Q for this example would be 38% since HC would be
equal to 3 (depth level Zy, Z; and Zg) and LEVEL
would be equal to 8.

- The above-described operation has produced numeri-
cal outputs giving the depth shift between the two logs
A and B at each depth level. (See element 41.) A log
analyst could then shift the log B relative to log A by
the indicated amount by a suitable technique. Alterna-
tively, the program could automatically shift the log B
by the declared shift interval SHpto match the log A at
the appropriate depth level. This operation is depicted
by the element 65 1n FIG. 6A. This operation would
take the form of assigning the log value of B at the
depth level Z—(UDCpnv—1)—SHp to the depth level
Z—(UDCpn—1). The same thing will apply to all logs

~ derived from investigating devices on the same investi-

33

60

secutive number of identical depth-shifts (UDCuyy)

must be computed before a new depth shift is declared.
It is the undeclared shift counter UDC which keeps.

track of the consecutive number of shifts. Since SH(Z)

gating apparatus which produced log B. Such a shift
operation 1s straightforward and well known and need
not be discussed further here. |
Summarizing the depth correlation 0peratlon de-
picted in FIGS. 4, §, and 6, the two logs to be correlated
are initially considered to be depth matched in accor-
dance with the depth indicia on the magnetic tape on
which the log data is recorded. Beginning at the initial
depth level Z,, a first assumption value of the depth
displacement is computed between the B log and the A
log at each selected depth level from Z, to Z; in incre-
ments of AZ,. Thus, the A log is considered to be the

and SHg were not of the same magnitude, when the 65 base log and the displacement for the B log relative to

program goes to elements 54 and 33, a new shift was not
declared, the program outputs the presently declared

shift value SHp at depth level Z—(UDCayn—1) and

the A log 1s computed. Of course, the A log may not be
accurately depth referenced itself but when combining

logs for computational purposes to achieve better well

@)
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log interpretation data, the depth correlation between

the combined logs is the most important item. If “abso-
lute” depth accuracy is desired, the methods disclosed

in the aforementioned Geollwitzer patent could be uti-.

lized 1n conjunction with the techniques of the present
invention. o
Concerning the depth correlation process at one
depth level, the B log is effectively shifted one step AZ,
at a time and a correlation function Cg is computed at
each such step with equation (1). Once the Cg’s over
the entire search interval 2AZc are computed, that K
which produced the maximum value of Cg, designated
K’, is determined. The corresponding depth displace-
ment will be (K'—Kprax/2)AZ,. Thus, for example, if
AZ,1s 1 inch and (K'—Ka41/2) is —6, the computed
depth displacement for log B at the presently consid-
ered depth level Z will be —6 inches. However, this

10
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depth displacement i1s not computed unless Cgrax) is

equal to or greater than Cgim). This prevents weak
correlation quantities from causing depth displace-
ments. If Cgaax) 1s greater than Cgim), the displace-
ment SH(Z) is computed and entered into the history
file for statistical analysis. This computed value SH(Z)
is only a first assumption of the depth displacement
which may be changed by the statistical analysis.

This statistical analysis takes the form of declaring a
depth displacement only when a consecutive number of
“identical depth displacements have been computed.
(Consecutive meaning consecutive depth levels.) By so
doing, an occasional erroneous depth displacement

caused by noise, for example, will not cause log B to be |

depth displaced.

There has been described a technique for accurately
depth correlating logs produced from independent
passes through a borehole. This has been accomplished
by taking two similar logs from separate passes through
the borehole and matching them through a correlation
technique. The validity of this correlation technique has
been strengthened by a statistical analysis of the results
to prevent occasional errors from upsetting the opera-
tion. In FIGS. 6A and 6B, this statistical analysis has
taken the form of delaying the declaration of a new
depth displacement until a designated number of com-
puted depth displacements of a given value have been
produced. Knowing the delay, since it is accounted for,
the displacement can be applied to the appropriate
length, 1.e., where the delay began. Of course, there are
more elaborate techniques which could be utilized and
which are encompassed within the present invention.
For example, the threshold level for declaring a new
displacement SHp could be functionally dependent on
the quality factor Q. Thus as Q decreases, UDCasn

could correspondingly increase to make it more diffi-.

cult to declare a new displacement. -

While there has been described what is at present
considered to be a preferred embodiment of this inven-
tion, it will be obvious to those skilled in the art that
various changes and modifications may be made therein
without departing from the invention, and it 1s, there-
fore, intended to cover all such changes and modifica-
tions as fall within the true spirit and scope of the inven-
tion.

What is claimed is:

1. A method of filtering a selected well log and of
producing a tangible representation of the resulting
improved, filtered log, said filtering including depth-
shifting samples of the selected log relative to a base
well log on the basis of depth displacements between
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said logs whicch have been found to be the least ambig-
uous ones among a greater number of possible such
depth displacements, each of said logs being derived
from a respective investigating device passed through a
borehole and sampled at separate depth levels, compris-
ing the followmg steps each of which 1s carried out by

“a machine:

(a) producing first and second data signals which
correspond to samples which are derived from
separate depth levels in a borehole and make up
said base log and said selected log respectively;

(b) determining the depth displacement between a
selected sample of said first data signals and a cor-
responding sample of said second data signals
which is assumed, as a first assumption, to be de-
rived from the same depth level as said selected
sample of first data signals;

(c) repeating said step of determining the depth dis-
placement between a number of successive selected
-samples of said first data signals and corresponding

samples of second data signals;

(d) comparing the depth displacements determined
from a number of successive samples for selecting
one of said depth displacements as a more accurate
depth displacement representation for at least one
of satd successive samples and for selecting at least

- one other one of said depth displacements as a
more accurate depth displacement representation
for at least one other one of said successive sam-
ples; and

~ (e) filtering said selected log by depth-shifting sam-.

ples thereof relative to the base log on the basis of
the depth displacements selected in the immedi-
ately preceding step and producing a tangible rep-
resentation of the resulting filtered well log.

2. A method of filtering a selected well log and of
producing a tangible representation of the resulting
improved, filtered log, said filtering including depth
shifting samples of the selected log relative to a base
well log on the basis of depth displacements between
said logs which have been found to be the least ambigu-
ous ones among a greater number of possible such depth
displacements, each of said legs being derived from a
respective investigating device passed through a bore-
hole and sampled at separate depth levels, comprising
the following steps each of which is carried out by a
machine:

(a) producing first and second data signals corre-

'~ sponding to samples derived from separate depth
levels in a borehole and making up said base log
and selected log respectively;

(b) determining a first assumption value of the depth
displacement between a selected sample of said
first data signals and a corresponding sample of
said second data signals; |

(c) repetitively performing said step of determining a

- first assumption value of depth displacement for a
number of successive selected samples of said first
data mgnals

(d) comparing the first assumption values of depth
displacements determined from a number of suc-
cessive selected samples for selecting one of said
depth displacements as the final depth displace-
ment value if such value occurred for a selected
number of samples; and

(e) filtering said selected log by depth-shifting sam-
ples thereof relative to the base log on the basis of

~ said final displacement value and producing a tan-



4,312,040

13
gible representation of the resulting filtered well
log.

3. The method of claim 2 wherein the steps of com-
paring depth displacements for selecting one such depth
‘displacement as the final value includes the steps of
comparing the depth displacement values for at least
two consecutive selected samples of said first data sig-
nals from at least two consecutive depth levels to deter-
mine if such values for consecutive selected samples are

identical, and declaring the depth displacement value
for such consecutive selected samples as the final depth

displacement value for at least some of such samples if

S
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such depth displacement values for consecutive se-

lected samples are identical.

4. A method of filtering a selected well log and of 15

producing a tangible representation of the resulting
improved, filtered logs, said filtering including depth-
shifting samples of the selected log relative to a base
well log on the basis of depth displacements between
said logs which have been found to be the least ambigu-
ous ones among a greater number of possible such depth
displacements, each of said logs being derived from a
respective investigating device passed through a bore-
hole and sampled at separate depth levels, comprising
the following steps each of which 1s carried out by a
machine:

(a) producing first and second data signals corre-

20
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sponding to samples derived from separate depth

levels 1in a borehole which are referenced to initial

depth levels, said first data signals comprising said

base log and said second data signals compnsmg
the selected log; -

(b) combining samples of said first data mgnals over a

first interval with samples of said second data sig-
nals over a second interval while adjusting said

second Interval to determine the best likeness be-

tween said first and second data signals over said
intervals and the corresponding depth displace-
ment between a selected sample of said first data
‘signals within said first interval and a sample of said
second data signals within said second interval
wherein said samples for which depth displacement
is determined are assumed, as a first assumption, to
be derived from the same borehole depth level:

30
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(c) repetitively performing said step of combining 45

samples to determine the depth displacement for a
number of successive selected samples of said first
data signals to thereby determine the depth dis-
placement between such successive selected sam-
ples of first data signals and corresponding samples
of second data signals, said successive selected

samples of said first data signals being referenced to
successive initial depth levels;

(d) comparing the depth dlsplaeements determined

for a number of successive selected samples for

selected one of said depth displacements as a more

accurate depth displacement representation; and
(e) filtering said selected log by depth-shifting sam-
ples thereof on the basis of the more accurate
depth-displacement representation selected in the
immediately preceding step and producing a tangi-
ble representation of the resulting filtered well log.
5. A method of filtering a selected well log and of
‘producing a tangible representation of the resulting

50
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ous ones among a greater number of possible such depth

displacements, each of said logs being derived from a

respective investigating device passed through a bore-

hole and sampled at separate depth levels, comprising.
the following steps each of which is carrled out by

“machine: |

(a) producing first and second data signals corre-
sponding to samples derived from separate depth
levels in a borehole which are referenced to initial
depth levels, said first data signals comprising said
‘base log and said second data sugnals comprising

- said selected log;

(b) combining the samples of sald first data signals
over a first interval with samples of said second
data signals over a second interval of the same
length as the first interval while varying the rela-
tive positioning of said second interval to deter-
mine the best likeness between said first and second
data signals over said intervals and the correspond-

ing depth displacement between a selected sample
of said first data signals within said first interval

‘and a sample of said second data signals within said
second interval wherein said samples for which
depth displacement is determined are assumed, as a

first assumption, to be derived from the same bore—
hole depth level;

~ (c) repetitively performing said step of comblnmg

samples to determine the depth displacement for a
number of successive selected samples of said first

data signals to thereby determine the depth dis:
placement between such successive selected sam-'

ples of first data signals and corresponding samples
of second data signals, said successive selected
samPles of said first data signals being referenced to
successive initial depth levels; -
~ (d) comparing the depth dlsplacements determined
for a number of successive selected samples for
selecting those depth displacements which are

more likely accurate as final depth dlsplacement
values; and

(e) filtering the selected log by depth-shifting samples

thereof on the basis of the depth displacements
selected in the immediately preceding step as more
likely accurate, and producing a tangible represen-
tation of the resulting filtered welt log.

6. A method of filtering a selected well log and of
producing a tangible representation of the filtered log,
said filtering including depth-shifting samples of the
selected log relative to a base well log on the basis of
depth-displacements between said logs which have

been found to be the least ambiguous ones amoung a

greater number of possible such depth displacements,
each of said logs being derived from a respective inves-

- tigating device passed through a borehole and sampled

535

improved, filtered log, said filtering including depth- 65

- shifting samples of the selected log relative to a base
well log on the basis of depth displacements between
said logs which have been found to be the least ambigu-

at separate depth levels, comprising the following steps -

each of which is carried out by a machine:

(a) producing first and second data signals corre-
sponding to samples derived from separate depth
levels in a borehole which are referenced to initial
depth levels, said first data signals comprising said
base log and said second data signals comprising
said selected log; |

(b) combining samples of said first data signals over a
first interval with samples of said second data sig-
nals over a second interval while adjusting said

second interval to determine the best depth corre-
lation between said first and second data signals
~over said intervals and the corresponding first as-
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sumption depth displacement between a selected

sample of said first data signals within said first
interval and a sample of said second data signals
within said second interval wherein said samples
for which first assumption depth displacement 1s
determined are assumed, as a first assumption, to be
dertved from the same borehole depth level;

(¢) repeating said step of combining samples to deter-
mine the first assumption depth displacement for a
number of successive selected samples of said first
data signals to thereby determine the first assump-
tion depth displacement between such successive
selected samples of first data signals and corre-
sponding samples to second data signals, said suc-
cessive selected samples of said first data signals
being referenced to successive initial depth levels;

(d) comparing the first assumption depth displace-
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ments determined for a number of successive se-

lected samples for selecting one of said first as-
sumption depth displacements as the final depth
displacement value if such value occurred for a
predetermined number of successive selected sam-
ples; and

(e) filtering the selected log by depth—shlftlng samples

thereof, or values derived from samples thereof, on
the basis of said final displacement value, and pro-
ducing a tangible representation of the resulting
filtered selected well log. .

1. The method of claim 6 wherein the step of compar-
ing for selecting further includes the steps of comparing
the first assumption depth displacement for each succes-
sive initial depth level with that value from at least one
previously considered initial depth level and producing
a coincidence output for each successive depth level if
such compared first assumption depth displacements are
identical, counting the occurrences of such coincidence
outputs to produce an accumulated count of such coin-
cidence outputs, comparing the accumulated count
with a predetermined number, and declaring the value
of such identical first assumption depth displacements as

the final depth displacement value for at least one of the

considered initial depth levels if such accumulated
count 1s at least as great as the predetermined number.

8. The method of claim 7 and further including the
steps of counting the number of successive initial depth
levels between declarations of a given final depth dis-
placement value to produce a first count, counting the
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total number of initial depth levels for which first as- -

sumption depth displacement values identical to said
given final depth displacement value occur to produce
a second count, and combining said first and second
counts to produce an indication of the quality of the
final depth displacement value over a given depth inter-
val.

9. The method of claim 7 and further including the
steps of counting the number of successive initial depth
levels in a given depth interval between declarations of
a given final depth displacement to produce a first
count, counting the total number of initial depth levels
in said depth interval for which first assumption depth
displacement values identical to said given final depth
displacement value occur to produce a second count,
and combining said first and second counts to produce
an indication of the quality of the final depth displace-
ment value over said given depth interval.

10. A method of filtering a selected well log and of
producing a tangible representation of the resulting
improved, filtered log, said filtering including depth-
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shifting samples of the selected log relative to a base

~well log on the basis of depth-displacements which have

been found to be the most likely to be the accurate ones
from amoung a greater number of possible such depth
displacements, each of said logs being derived from a
respective investigating device passed through a bore-
hole and sample at separate depth levels, comprising the
following steps each of which is carried out by a ma-
chine:

(a) producing first and second data mgnal correspond-
ing to samples derived from separate depth levels
in a borehole, said first and second data referenced
to initial depth levels, and said first data signals
comprising said base log and said second data sig-
nals comprising said selected log;

(b) determining the depth displacement between a
selected sample of said first data signals and a cor-
responding sample of said second data signals
which is assumed, as a first assumption, to be de-
rived from the same depth level as said selected
sample of first data signals, including combining
samples of said first data signals over a first selected

~ depth interval encompassing said first data signals
selected sample with samples of said second data
signals over a second selected depth interval en-
compassing said second data signals sample which
1s assumed to be depth matched with said first data
signals selected sample to produce a correlation
function, repetitively performing said step of com-
bining while moving one of said first or second
selected depth intervals one step at a time relative
to the other of said selected depth intervals to pro-
duce a plurality of correlation functions, determin-
ing which one of said correlation functions is
greater than the other of said correlation functions
and the corresponding displacement of the initial
depth levels to which said first data signals selected
sample and corresponding second data signals sam-
ple are referenced for said greater correlation func-
tion, whereby said displacement will be indicative
of a first assumption value of the depth displace-
ment of one sample each of said first and second
data signals to another;

(c) repetitively performing said step of determining a
first assumption value of the depth displacement
for selected samples of said first data having differ-
ent successive mitial depth levels;

(d) statistically analyzing said first assumption depth
displacement values to determine which displace-

- ment are most likely accurate; and -

(e) filtering the selected log by depth-shlftmg samples
thereof, or values derived from samples thereof, on
the basis of the displacements determined to be
most likely accurate in the immediately preceding
step, and producing a tangible representation of the
resulting filtered well log.

11. The method of claim 10 wherein said step of sta-
tistically analyzing said first assumption depth displace-
ment values includes the steps of comparing first as-
sumption depth displacement values from a plurality of
successive initial depth levels and outputting one of said
first assumption depth displacement values as the final
depth displacement value for at least one of said plural-
ity of initial depth levels upon said final value occurring
in a predetermined relationship relative to depth.

12. The method of claim 11 and further including the
step of transferring the depth levels to which successive

samples of said second data are initially referenced by
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an -amount determmed by the final depth dlsplacement

value determined for such successive samples so that.

samples of first and second data derived from the same
depth level in the borehole will be ultlmately referenced
to the same depth level.

- 13. A method of filtering a selected wel] log and of
producing a tangible representation of the resulting
filtered log, said filtering including depth-shifting sam-
ples of the selected log relative to the base well log on
the basis of depth-displacements which have been found

to be more likely to be accurate than other such dis-

placements, each of said logs being derived from a re-
-spective investigating device passed through a borehole
and sampled at separate depth levels, comprising the
following steps each of which is carried out by a ma-
chine:

(a) produemg first and seeond data signals corre-
sponding to samples of said logs derived at separate
depth levels which are referenced to an initial
depth level, said first and second data signals com-

prising said base log and selected log respectively;

(b) determining a displacement between a selected

'sample of said first data signals and a correspond-

J

18

displacement cerreSpondmg to the best fit includes the

step of comparing the correlation function correspond-

ing to the best fit with a predetermined limit for such

functions and dlsregardlng sald best fit: functlon if
within said limit.

17. The method of elatm 16 whereln the step of com-
paring the plurality of displacements determined for the

~ number of samples includes the steps of counting dis-

- placement occurrences having corresponding displace-
ments and selecting ‘as a more accurate displacement

10

15

20

Ing sample of said second data signals which sam- -

- ple is assumed to be derived with a predetermined

- displacement from said selected sample of first data

‘signals;

(c) repetitively performing sald step of determining a
~displacement to determine a plurality of displace-

- ments between a number of selected samples of said
first data signals and corresponding samples of satd
second data signals;

(d) comparing the plurality of dlsplacements deter-

mined for a number of samples of first and second

data signals for the purpose of selecting one of said

determined displacements as a more accurate dis-

placement representation between selected samples
of said first data signals and corresponding samples
- of said second data signals; and

(e) filtering said selected log by dept-shifting samples
thereof on the basis of displacement selected as the
more accurate one in the preceding step, and pro-

ducing a tangible representatlon of the resulting
filtered well log.

~ 14. The method of claim 13 wherein the step of deter-
mining a displacement includes the steps of combining
samples of said first data signals within a first sample
interval with samples of said second data signals within
a second sample interval which is assumed to be derived
with a predetermined displacement with the firm sam-
ple interval to produce a function of correlation be-
tween the samples within the first and second sample

Intervals and determining the displacement correspond-

ing to the best correlation between the samples w1thm
said sample interval.
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15. The method of claim 14 wherem the step of com- -

bining samples of first data signals within a first sample

interval with samples of second data signals within a
second sample interval includes the steps of progres-
sively changing a predetermined displacement between
- said intervals and repetitively combining said samples to
produce a plurality of correlation functions correspond-
ing to said predetermined displacements between said
intervals and comparing the plurality of correlation
functions to select the displacement corresponding to a
best fit between the samples within said intervals.

16. The method of claim 15 wherein the step of com-
~paring the plurality of correlation functions to select the

60

65

representation that displacement having a given count.
18. The method of claim 17 wherein the step of

counting displacement occurrences having correspond-

ing displacements includes the step of counting succes-
sive occurrence having corresponding displacements.
- 19. The method of claim 18 wherein the step of

counting successive occurrences further includes the

step of counting successive occurrences having identi-
cal displacements and selecting as a more accurate dis-
placement representation that displacement havmg
count greater than a predetermined count.

20. The method of claim 17 wherein the step of
counting occurrences further includes the step of count-
Ing occurrences having identical displacements and
selecting as a more accurate displacement representa-

‘tion’ that displacement having a count greater than a

predetermined count.

~ 21. The method of claim 20 wherein each sample of
ald logs derived at separate uniformly-spaced depth

levels so that the determined displacement between a
selected sample of the first data signals and a corre-
sponding sample of the second data signal corresponds
to a depth displacement between said logs.

22. A method of filtering a selected one of a plurality
of well logs derived from separate investigating devices
passed through a borehole and of producing a tangible
representation of the resulting filtered log, comprising
the following steps each of which is carried out by a
machine: |

(a) producing samples of first and second data signals

- corresponding to said logs and referenced to initial

depth levels, where the samples of the first data
signals comprise said selected well log;

(b) combining samples of first data signals within a

first interval with corresponding samples of second

data signals within a second interval which is as- |

sumed to be derived with a predetermined dis-
placement between said intervals to produce a
function of the {it between said combined samples
~within the first and second intervals;

(c) progressively changing the predetermined dis-

- placement between said ‘intervals and repetitively
combining said samples to produce a plurality of
said functions for each of said predetermined dis-
plaeements between said intervals; o

(d) comparing said plurality of funetlons with each
other to determine that function corresponding to a
best fit between said combined samples within said
intervals;

(e) companng said determined best fit function with a

~ given limit for such functions and disregarding said
best fit function if within said limit;

(f) determining for said intervals a displacement cor-
responding to said best fit function if said best fit
function is outside of said limit; |

(g) repetitively performing all of said aforementioned
steps to determine a plurality of displacements
between a number of selected samples of said first

ra
3
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data signals and corresponding samples of said
second data signals within successive intervals of
first and second data; |

(h) counting displacement occurrences having corre-
sponding displacements for a plurallty of intervals
of said first data signals;

(1) selecting as a more accurate dlsplacement that
displacement occurring at least a given number of
times; and

() ﬁlterlng the selected well log by depth-shlftlng
samples thereof on the basis of the displacement

5

10

15

20

selected in the immediately preceding step, and
producing a tangible representation of the resulting
filtered well log. |
23. The method of claim 22 in which the depth-shift-
ing comprises shifting samples of the selected well log
relative to samples of another well log by a displace-
ment selected as a more accurate displacement to place
samples of the last recited logs in more accurate align-

ment with each other.
| * * %k %k K
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